Dengue virus, a flavivirus, is found in areas of the tropics and subtropics. Four serotypes of the virus (dengue-1 to -4) are observed; these are closely related but antigenically distinct (8) . The virus, which causes disease in humans, is transmitted by mosquito, principally Aedes aegypti. In terms of morbidity, mortality, and economic costs, dengue is the most important mosquito-borne disease in the world, with an estimated 50 to 100 million cases per year (6, 7) . Furthermore, the incidence and spread of the disease are increasing (4, 14) .
Primary infection with dengue virus results in a self-limiting disease characterized by mild to high fever lasting 3 to 7 days, severe headache with pain behind the eyes, muscle and joint pain, and a rash (14, 15) . Secondary infection with a different dengue virus serotype is the more common form of the disease in many parts of Southeast Asia and South America (3) . This form of the disease is more serious and can result in dengue hemorrhagic fever and dengue shock syndrome. The major clinical symptoms can include high fever, hemorrhagic events, and circulatory failure, and the fatality rate can be as high as 30%. Early diagnosis of dengue shock syndrome is particularly important, as patients may die within 12 to 24 h if appropriate treatment is not administered (12, 15) .
Primary dengue virus infection is characterized by elevations in specific immunoglobulin M (IgM) levels 3 to 5 days after the onset of symptoms; this generally persists for 30 to 60 days (9, 10) . IgG levels also become elevated after 10 to 14 days, and these remain detectable for life, though at a hemagglutination inhibition assay (HAI) titer of Յ1:640 (5). During secondary infection, IgM levels generally rise more slowly and reach lower levels than in primary infection, while IgG levels rise rapidly from 1 to 2 days after the onset of symptoms (5, 9) . The HAI titer rises to Ն1:2,560, and these levels persist for 30 to 40 days before returning to levels of Յ1:640 (5).
Traditionally, HAI has been used to classify dengue infections as primary or secondary. The current definition depends upon an assay of paired serum specimens separated by at least 7 days (fourfold rise in titer), though any acute-phase specimen with an HAI titer of Ն1:2,560 is defined as coming from a patient with secondary infection (17) . Despite its general acceptance as a standard laboratory test for dengue diagnosis, variations in methods used in different laboratories can make it difficult to compare HAI results. Furthermore, HAI requires extraction of sera as well as the preparation of a series of dilutions for each sample. In addition, sera may need to be collected after hospital discharge to confirm the diagnosis. Consequently, a simple, commercially available assay for dengue diagnosis would offer distinct advantages over HAI. In this study, the Dengue Rapid Test (PanBio Pty., Ltd., Brisbane, Australia) was compared to HAI with paired sera collected from patients presenting at Singapore General Hospital.
In the Dengue Rapid Test, both IgM and IgG levels are determined with a capture assay format (Fig. 1) . A drop of serum is added to the serum pad in the test device, and it migrates along the nitrocellulose membrane, where IgG and IgM are captured by lines of either anti-human IgG or antihuman IgM striped onto the membrane. At the same time, a gold-labelled anti-dengue virus monoclonal antibody (MAb) is rehydrated by the addition of two drops of buffer to the conjugate pad. After the serum reaches the limit line (Ͻ2 min), the card is closed. This allows the rehydrated gold-labelled anti-dengue virus MAb to complex with dengue virus types 1 to 4 stabilized in the pad at the top of the nitrocellulose membrane. In addition, closure of the card draws the flow of goldcomplexed antigen in the reverse direction, down the nitrocellulose membrane and into the large absorbent pad, which allows binding of gold-complexed antigen to the bound IgM or IgG. After 5 min, the assay result is read visually through the window on the front panel of the card. The captured goldlabelled antigen-antibody complexes appear as maroon lines. Tests are read blind to eliminate reader bias, with the intensity of the lines observed in the rapid test scored as nonreactive, weakly positive, or strongly positive, depending on the intensity of the reaction. In addition to the anti-IgG and anti-IgM lines, a control line is included to ensure that the test result is valid. Positive control (HAI titer, 1:2,560) and negative control (HAI titer, 1:10) sera are also included with each run. Since the IgG cutoff in the test has been set to detect the high IgG levels characteristic of secondary dengue infection, primary dengue infection is defined by a visible IgM line without a visible IgG line while secondary dengue infection is defined as a visible IgG line with or without a positive IgM line. A negative result is defined by the absence of both an IgM line and an IgG line (control line only visible).
Sera were tested for HAI antibodies as described previously (2) except that the assay was modified to a microtiter plate format. Serum inhibitors were removed by pretreatment with kaolin absorption, and naturally occurring nonspecific agglutinins were absorbed out with packed gander cells. Serum dilutions were carried out in borate-buffered saline, pH 9.0, containing 1% Proteose Peptone (Difco, Detroit, Mich.). Antigens were produced by sucrose acetone extraction of the brains of suckling mice infected with dengue virus type 1 or 2, purchased from the Virus Research Institute, Ministry of Public Health, Bangkok, Thailand. Gander blood was obtained from the Singapore Primary Productions Department and used at a final concentration of 0.4%. Results were read after an incubation period of 2 h. A positive control (HAI titer, 1:2,560) and a negative control (HAI titer, Ͻ1:10) were included in each assay. Dengue virus infection was defined by World Health Organization criteria (17) . That is, a fourfold rise in titer in sera collected 7 days apart defined dengue virus infection (primary or secondary), and an HAI titer of Ն1:2,560 in any serum specimen defined secondary dengue infection.
All patients who participated in this study were suspected to have dengue infection, based on their clinical symptoms. Patients were admitted to Singapore General Hospital from June to October 1996. Dengue virus serotypes 1 and 2 were circulating in Singapore at this time. The acute-phase sera were collected at the time of hospital admission, while the convalescent-phase sera were collected 7 to 21 days later. By HAI and the criteria given above, patients were classified as having primary dengue virus infection (n ϭ 34), secondary dengue virus infection (n ϭ 35), or no dengue virus infection (n ϭ 23). Viral isolation or type-specific antibody assays were not performed.
The combined use of IgM and IgG has been shown to increase sensitivity in the detection of dengue virus infection, since IgM is a good marker of primary infection while elevation of IgG levels is an excellent marker of secondary infection (9, 16) . In this study, all but one patient with dengue virus infection (99%) were detected by the Dengue Rapid Test when paired sera were used ( Table 1 ). The false-negative result occurred in a patient with primary infection who showed low HAI titers in paired sera (1:10 and 1:40). Eight other patients with primary infection also showed the same HAI titers in paired sera, and these were detected in the rapid test. The Dengue Rapid Test also had excellent specificity (96%) for patients showing similar clinical presentations without dengue infection ( Table 1 ). The one false-positive case showed an elevation in the level of rapid test IgM but not IgG in the convalescent-phase sera, and this patient showed an HAI titer of 1:10 in both acute-and convalescent-phase sera.
Traditionally, HAI has been used to distinguish between primary and secondary dengue virus infections, with a titer of Ն1:2,560 considered indicative of secondary dengue virus infection (17 Previous studies have suggested that diagnosis based on IgM alone may take up to 7 days after the onset of infection (5, 9, 10, 11, 16) . This is reflected when the rapid test results in acute-phase sera are analyzed, with only 57% of dengue cases detected by this test in the early acute phase of illness. In acute-phase sera, 16 of 34 cases (47%) of primary infection and 23 of 35 cases (66%) of secondary infection were detected by the rapid test (not shown). All cases of primary infection diagnosed with the rapid test on acute-phase sera showed a positive-IgM-negative-IgG profile, while the majority (19 of 23) of secondary dengue cases diagnosed through use of the acute-phase sera showed elevations of IgG levels in the rapid test, with 11 of these patients also showing elevations of IgM levels. In contrast, HAI detected only 15 of 35 cases (43%) of secondary infection and no cases of primary infection with the acute-phase sera (HAI titer, Ն1:2,560). The sensitivity of the rapid test compares favorably to HAI in that a second serum specimen would need to be assayed in less than half of the cases presented. However, as with all serological tests, it is important to stress the use of the rapid test as a diagnostic aid, the results of which should be taken in conjunction with clinical symptoms and other available laboratory results. That is, physicians making patient management decisions should not rely solely on this or any other serology test for clinical guidance unless the result is positive. We would suggest that a patient with a negative test result and persisting symptoms be retested 3 to 4 days later to confirm the diagnosis of dengue virus infection.
Commercially available dot blot enzyme-linked immunosorbent assays for dengue diagnosis have been described, and sensitivities and specificities similar to the Dengue Rapid Test have been reported (1, 13, 18) . A commercial dipstick dot blot enzyme-linked immunosorbent assay for IgM and IgG (Integrated Diagnostics, Baltimore, Md.) has been reported to have sensitivity of 95 to 98% and specificity of 100% (18) . The Dengue Blot test (Genelabs Diagnostics, Singapore, Singapore) has been reported to have sensitivity ranging from 92 to 98% and specificity of 81 to 88% (1, 13), though low sensitivity for primary dengue virus infections and high cross-reactivity in patients with malaria have been reported (10, 13) . The clinical diagnoses of the nonflaviviral diseases tested in this study were not known, though in another study only 1 of 10 sera from patients with malaria showed cross-reactivity in the PanBio Dengue Rapid Test (9a) . Despite the similar performances of these tests, the Dengue Rapid Test has the advantage of being easier to perform in that it does not require dilution or pretreatment of sera to remove competing IgG or rheumatoid factor, washing steps and multiple incubations are not performed, preparation and dilution of reagents used in the test are unnecessary, and a laboratory incubator (50°C for the dipstick test) is not required. Furthermore, the rapid test takes only 5 min to run, compared with at least 3 h for the dot blot assays. Consequently, the Dengue Rapid Test should be a useful aid in the diagnosis of dengue fever. It is rapid, easy to perform, and overcomes some of the limitations associated with HAI. It has potential for use at the point of care or in laboratories where the volume of testing is low or sporadic or where equipment is not available. However, as with all serology-based assays, it is essential to interpret the results in conjunction with other laboratory tests and clinical symptoms.
